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Abstract 
Background : To Compare titanium elastic nails 
(TEN) Vs traction and hip spica cast for treatment of 
femoral shaft fracture in children aged 6-12years. 
Methods: In this descriptive study, children 
(n=100), age group 6 to 12 years, with femoral 
fractures, were included. Patients were divided into 
two equal groups using randomization. Group A 
patients were treated with Titanium Elastic Nail 
(TEN) (n=49) and group B patients with traction and 
hip spica (n=51).Back slab was applied to all 
patients. For patients in the TEN group, the standard 
TEN technique was applied  Majority of the patients 
underwent surgery within two days of their injury. 
Two Titanium Elastic Nails of identical diameter 
were used. Fractures were reduced using 
fluoroscopic guidance. Nails were inserted in 
retrograde/antegrade fashion according to fracture 
geometry. In retrograde elastic nailing, medial and 
lateral incisions above the physis were made. The 
nails were prebent  sufficiently so that apex of the 
bowed nails rested at the same level on the fracture 
site to ensure a good equal recoil force. The nails 
were driven proximally so that both were divergent 
and the tips got anchored. Patients were mobilized 
without weight bearing on the fifth to seventh day 
postoperatively. Partial weight bearing was started at 
three weeks and full weight bearing by six to eight 
weeks. Patients in the spica cast group were treated 
with skin traction/ skeletal traction for about 
3 weeks and then hip spica was applied. When 
sufficient callus consolidation had been achieved, 
one-and-a-half hip spica was applied . The cast was 
maintained for about 1-2 months depends on the age 
of patient. After cast removal, patients were referred 
for physical  therapy. 
Results: Those treated with titanium elastic nail 
(TEN) had  radiological union time 4-6 weeks and 
took a shorter time, as compared to spica cast  group 
9-10 weeks. TEN group A had a better out come than 
group B. Twelve patients in the spica cast group B 
had malunion. Postoperative superficial infection 
occurred in five patients and deep wound infection 
was observed in two patients in the TEN group A. 
Conclusion:Titanium elastic intramedullary 
nailing is an effective treatment of femoral shaft 
fractures in children.  
Key Words: Hip spica cast, Titanium elastic 
nailing,  
 
Introduction 
      Femoral-shaft fractures are the most common 
fractures of the lower extremity in children, with an 
annual incidence of up to 1 per 5,00. There are several 
options for treating femoral-shaft fractures in children, 
including skeletal or skin traction, immediate 
application of a hip spica cast, closed reduction and 
minimally invasive plate osteosynthesis, external 
fixation, plate fixation, and internal fixation with 
intramedullary nails.Selecting the management 
strategy is dependent on factors such as the presence 
of other associated injuries or multiple trauma, 
fracture properties, age, and socioeconomic factors.1-4 
    Titanium elastic intramedullary nailing (TEN) for 
fractures of long bones in the skeletally immature 
patient (e.g., children) has gained widespread 
popularity, because of its effectiveness and low rate of 
complications. Titanium elastic nailing is commonly 
used to stabilize femoral fractures in school-aged 
children, but there have been few controlled studies, 
with only relatively short-term follow-ups assessing 
the risks and benefits of this procedure compared with 
those of the traditional traction and application of a 
spica cast. The results of previous prospective and 
retrospective studies comparing TEN with traction 
and a spica cast were mostly in favor of TEN, 
considering recovery time, complication rate, and 
hospital charges.5,6 
    Most of the femoral shaft fractures in children 
younger than six years of age can be treated 
conservatively because of rapid healing and 
spontaneous correction of angulations.7,8 Above six 
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years all such fractures, when treated non operatively 
could have, loss of reduction, malunion, intolerance 
and complications associated with plaster. Near the 
end of skeletal maturity accurate reduction is 
necessary as angular deformity is no longer correctable 
by growth.9 Availability of interlocking medullary nail 
has made the treatment of femoral shaft fractures in 
skeletally mature children much easier. This method is 
now well established. However, the best treatment 
between 6 and 12 years of age is a matter of debate.10 
Since the last two decades, there has been a growing 
tendency towards a more operative approach in 
patients over six years of age.11 Titanium Elastic 
Nailing, which is also known as Elastic Stable 
Intramedullary Nailing, has become the choice in 
pediatric long bone fractures, particularly the femoral 
shaft.12,13  The advantage of this technique includes 
early union due to repeated micro motion at fracture 
site, respect for the physis, early mobilization, early 
weight bearing, scar acceptance, easy implant removal 
and high patient satisfaction rate.12,14  
 
Patients  and Methods 
     This study was conducted from March, 2010 to 
February,2012 in the Department of Orthopedic 
Surgery of. POF Hospital Wah Cantt.Children 6–
12 years of age with simple diaphyseal femoral-shaft 
fractures were included.Children with segmental 
Winquist types III and IV comminuted fractures, 
previously diagnosed neuromuscular disease (e.g., 
cerebral palsy), metabolic bone disorders (e.g., 
osteomalacia), or pathological fractures were 
excluded. Back slab was applied to all patients for 
controlling pain and preventing deformities. For 
patients in the TEN group, the standard TEN 
technique was applied according to the method 
described by Flynn and colleagues.6 Majority of the 
patients underwent surgery within two days of their 
injury.Two Titanium Elastic Nails of identical diameter 
were used. The diameter of the individual nail was 
selected as per Flynn et al's formula (Diameter of nail = 
Width of the narrowest point of the medullary canal 
on Anteroposterior and Lateral view × 0.4 mm) and on 
intraoperative assessment. The diameter of the nail 
was chosen so that each nail occupies at least 30 to 40% 
of the medullary cavity. Fractures were reduced using 
fluoroscopic guidance. Nails were inserted in 
retrograde/antegrade fashion according to fracture 
geometry. In retrograde elastic nailing medial and 
lateral incisions 2.5-3.5 cm above the physis were 
made. The nails were prebend sufficiently so that apex 
of the bowed nails rested at the same level on the 
fracture site to ensure a good equal recoil force. The 
nails were driven proximally so that both were 
divergent and the tips got anchored minimum 1 cm 
distal to the physis. Postoperatively patients were 
nursed in supine position with the operated leg 
elevated on a pillow. Back slab was used in three cases 
of distal third fractures, where fixation was not 
adequate. Patients were mobilized without weight 
bearing on the fifth to seventh day postoperatively. 
Partial weight bearing was started at three weeks and 
full weight bearing by six to eight weeks. 
     Patients in the spica cast group were treated with 
skin traction/ skeletal traction for about 3 weeks and 
then hip spica was applied. Traction weight was 10% 
of body weight. In skeletal traction cases, pin was 
inserted in the proximal part of the tibia just distal to 
tibial tuberosity in the operating room and under 
general anesthesia. Control radiography was carried 
out after the traction and later at 1-week intervals. 
When sufficient callus consolidation had been 
achieved, one-and-a-half hip spica was applied (with 
the hips at 20–30°of flexion and the limb in 10–15° 
external rotation). The cast was maintained for about 
1-2 months depending on the age of patient. After cast 
removal, patients were referred for physio-therapy. 
Follow-up visits were made at 2, 4, 12, and 24 weeks 
after discharge. Radiological union, Limb alignment, 
limb length discrepancy and wound site infections 
were assessed at each visit. Patients age, gender, 
radiological union of fracture, out come and 
complications were recorded. Data were analyzed 
using SPSS software. 
 
 
Fig 1 (TEN) Entry site               Fig 2:Fracture shaft  
 Infection   before TEN 
 
 
Fig 3 (TEN) Left femur shaft with back slab. 
 
Result 
     The average duration of (TEN) surgery was 
(45min). The hospital stay was 5 days. A patient with 
associated injury had to stay for a longer period. All 
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patients were available for follow up for one year. 
Average age was 9 years in group A and 8 years in 
group B .Femur shaft fracture occurred more 
frequently in female children than in boys both in 
group A and group B. (Table 1).Fracture union time 
was 4-6 weeks in group A and 9-10 week in group B 
(Table 2) Radiological evidence of union was achieved 
in all cases. Full weight bearing was possible in both 
groups after two weeks of radiological union.   
Table  1: Gender distribution 
Group Sex No(%) 
Group A Female 32(65.3) 
Male 17(34.0) 
Group B Female 30(58.8) 
Male 21(41.2) 
 
Table 2. Radiological Union in Weeks 
Group No % 
A 
(n=49 
<4wks 6 12.2 
4-6wks 20 40.8 
7-8wks 16 32.7 
9-10wks 6 12.2 
>10wks 1 2.0 
B 
(n=51) 
4-6wks 2 3.9 
7-8wks 8 15.7 
9-10wks 31 60.8 
>10wks 10 19.6 
 
Table 3:  Flynn et al criteria for prognosis of results 
 Excellent Good Poor 
Limb length 
discrepancy 
< 1.0cm < 2.0 cm > 2.0 cm 
Angulation < 5˚ 10˚ > 10˚ 
Pain Absent Absent Present 
Complications Absent Mild Major/ Morbidity 
 
Table 4:Out come as per scoring criteria  
of Flynn et al 
Group No % 
 
 
A 
Excellent 39 79.6 
Good 8 16.3 
Poor 2 4.1 
Total 49 100.0 
 
 
B 
Excellent 26 51.0 
Good 14 27.5 
Poor 11 21.6 
Total 51 100.0 
Flying et al criteria was used to assess the prognosis 
(Table3). The results were excellent in 39 patients in 
group A, and 26 excellent in group B (table 4). In 
group A, two patients had varus angulations (12° and 
6° respectively) whereas one had valgus angulation 
(15°). Entry site wound infection occurred in 7 
patients. The infection resolved with oral antibiotic 
course of cephalosporin. One case required TEN nail 
removal at 3 months due to deep wound  infection at 
entry site. Limb lengthening of less than 1.5 cm was 
found in 6 cases both clinically as well as radio 
logically, which was clinically insignificant in(TEN) 
group A. In group B, angulations occurred in 12 
patients and Limb lengthening in10 patients in group 
B (Table 5). 
 
Table  5: Complications. 
Group No % 
A Nil 33 67.3 
Angulations 3 6.1 
Limb Lengthening 6 12.2 
Entry Site Infection 7 14.3 
Total 49 100.0 
B Nil 29 56.9 
Angulations 12 23.5 
Limb Lengthening 10 19.6 
Total 51 100.0 
 
Discussion 
     Femoral shaft fractures constitute fewer than 2% of 
all pediatric fractures. The  choice of treatment 
remains a constant challenge. Until recently 
conservative treatment was the preferred method for 
the treatment of diaphyseal fractures in children and 
adolescents. To avoid the effects of prolonged 
immobilization, the operative approach has been 
gaining popularity. Plate osteosynthesis is associated 
with a large exposure of bone subsequently longer 
duration of immobilization and the risks of delayed 
union, infection and a large dissection for plate 
removal.15,16 The external fixator provides good 
stability and early mobilization, but is associated with 
the risk of pin tract infections and it takes a longer time 
for weight bearing.17.18 Intramedullary K-wire fixation 
has also been used for pediatric femoral fracture, but 
stability and fracture angulation are its  disadvantages. 
Interlocking nail is ideal for skeletally matured 
children, but reports of avascular necrosis of femoral 
head, coxa valga have been reported.19.20 There have 
been proponents for using interlocking nail in the 11-
16 years of age group, avoiding the pyriformis fossa as 
entry site, with good results.21Ender Nail and Rush 
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Nail have poor rotational stability and require 
multiple nails to achieve good fixation.Ender Nail is 
not elastic and flexible enough for pediatric fractures.23 
     Titanium elastic nail seems advantageous over 
other surgical methods,particularly in paediatric age 
group,as it is simple and load-sharing internal splint 
that doesn't violate open physis, allowing early 
mobilization and maintains alignment. Micro motion 
conferred by the elasticity of the fixation promotes 
faster external bridging callus formation. The 
periosteum is not disturbed. As a closed procedure 
there is no disturbance of the fracture hematoma, 
thereby less risk of infection.6 Studies  documented 
titanium nail as superior in terms of union, scar 
acceptance and overall patient satisfaction compared 
to traction and casting. 6,22 
     Fracture geometry and the location is an important 
determinant for selection of surgical techniques. 
Transverse, short oblique and minimally comminuted 
fractures are suitable for TEN. TEN can  be indicated 
in all femoral diaphyseal fractures of children above 
six years of age till epiphysis closed except severe 
Type III open fractures. Titanium elastic nail does not 
provide adequate stability in comminuted, long 
oblique or spiral fractures. Even if it is applied, 
postoperative immobilization becomes essential. 
Appropriate alternatives other than titanium elastic 
nail should be considered in such circumstances.23,24 
    In present study female children femur shaft 
fracture occurred more frequently 65.3% in TEN and 
58.8% spica cast This  difference can be ascribed to 
malnutrition more in female as male dominance and 
male preference in our country.  
Conclusion 
The complication rate associated with nailing are less 
as compared with that associated with traction and 
application of a Spica cast. 
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